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THE INVENTION CLAIMED IS: 

1 . A method for selectively depositing silicon oxide yfnto a silicon-comprising 
substrate, the method comprising the steps of: 



providing the silicon-comprising substrate having exposed regions of 
different type conductivity; and 



reacting ozone and tetraethyJorthosilicate in contact with the substrate to 
selectively deposit silicon oxide onto the substrate, whereby, compared to 
exposed regions of non-doped ^licon, the silicon oxide deposits at a faster rate on 
exposed regions of P-tyj^ silicon and at a slower rate on exposed regions of 
N-type silicon. 

2. A method for selectively depositing silicon oxide onto a silicon-comprising 
substrate, the method comprising the steps of : 

providing the silicon-comprising substrate having exposed regions of 
different type conductivity; and 



lg ozone and tetraiethylorthosilicate in contact with the substrate to 
selectively deposit silicon oxide onto the substrate, whereby, compared to 
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exposed regions of non-doped silicon, the silicon oxide deposits at a faster rate on 
exposed regions of P-type silicon and at a slower rate on pcposed regions of 
N-type silicon, wherein the reaction occurs at a temperarure up to about 500° C 



and a pressure of at least about 10 torr. 



/ 



/ 



• ■ / 

3. The method of Claim 2, wherein the reaction occurs at a temperature up to about 
400° C. 



/ 



4. The method 6f Claim 2, wherein the reactioti occurs at a pressure of at least about 
300 torr. 



A seriiiconduCtor processing jmethod 6f forming spacers of variable thickness, the 
method comprising the steps of: 



providing a silicon-comprising substrate having a surface comprising at 
leaist one first conductive reg/on comprising either P-type silicon or non-doped 
silicon arid at least one second conductive region, provided that: 

(1) when vie first conductive region comprises P-type silicon, then 
the second conductive region comprises either non-doped silicon or N- 
type silicon; and, 

(2) Wnen the first conductive region comprises non-doped silicon, 
then the second conductive region comprises N-type silicon; 
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depositing silicon oxide, in a single process step, to form a layer over the 
silicon-comprising substrate and both the first conductive region and the second 
conductive region^ whereby a greater thickness of silicon oxide is deposited on 
the first conductive region than on the second conductive region: 



etching the silicon oxide deposited on the substrate to remove silicon 
Oxide firoiii the surface of the substrate, whereby the silicon oxide layers 
remaining on the first and second conductive regions provides a layer of variable 
thickness around the first conductive region and the second conductive region. 

6. A semiconductor processing method of forming spacers of variable thickness, the 
method comprising the steps of: 



providing a silicon-comprising substrate having a surface comprising at 
least one first conductive region comprising either P-type silicon or non-doped 
silicon and at least one second conductive region, provided that: 

(1 ) when the fiist conductive region comprises P-type silicon, then 
the second conductive region comprises either non-doped silicon or N- 
type silicon; and, 

(2) wheiythe first conductive region comprises non-doped silicon, 
theii the secdnd conductive region comprises N-type silicon; 
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decomposing tetraethylorthosilicate with ozone to selectively deposit 
silicon oxide over the silicon surface and over both the first conductive region and 
the second conductive region, whereby a greater thickness of Silicon oxide is 
deposited oh the first conductive region than on the second Conductive region; 
arid, 



etching the silicon oxide deposited on the substrate to remove silicon 
oxide from the surface of the substrate, whereby the^ilicon oxide layers 
remaining on the first and second conductive regions provides a layer of variable 
thickness around the first conductive region ana the second conductive region. 



forming spacers of variable thickness, the 




7^ A semiconductor processing metto 
process comprising the steps of: 



providing a silicon-comprising substrate having a surface comprising at 
least one first conductive region comprising either P-type silicon or non-doped 
silicon and at least one second conductive region, provided that: 

(1) when the first conductive region comprises P-type silicon, then 
the second conductive region comprises either non-doped silicon or N- 
type silicon; arid J 

• (2) when the first conductive region comprises noil-doped silicon, 
then the secoj^d conductive region comprises N-type silicon; 
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contacting silicon-comprising substrate with ozone anu 
tetraethylorthosilicate \vhereby the first conductive regionr and the second 
conductive region are in intimate contact with the ozople and the 

tetraethylorthosilicate; j 

f 

reacting the o^ohe arid the tetraethylorthosilicate at a temperature up to 
about 500° C and a pressure of at least aboj/t 10 torr to selectively deposit silicon 
oxide over the substrate surface and botfi the first conductive region and the 
second conductive region, whereby g/greater thickness of silicon oxide is 
deposited on the first conductive region than on the second conductive region; 
and, 

etching the silicons oxide deposited on the substrate to remove silicon 
oxide from the surfaced the substrate, whereby the silicon oxide layers 
remaining on the finrt and second conductive regions provides a layer of variable 
thickness around the first conductive region and the second conductive region. 

fc. The meth(^^Ciaim 7, wherein the reaction occurs at a temperature up to about 

46b°c 



9- 



ie method of Claim 7, wherein the reaction oc<iur$ £rt a pressure of at least about 
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A semiconductor processing method of forming spacers of variable thickness, the 
method comprising the steps of: 

, : . ; ■• ,. / 

providing a silicon^comprisirig substrate having a Surface comprising at 

' . ■ . . • . . : . . ; . / 

least orie first prbtrusibn comprising either P-type silicon or non-doped silicon 
and at least one second protrusion- provided that: / . • 

(1) when the first protrusion compri^s P-type silicon, then the 

' / 

second protrusion comprises either non-doped silicon or N-type silicon; 

; ■: .' ."■ . • / . 

arid,: ■ ' . / 

* 

. , ....... • ' .. / • 

(2) when the first protrusion comprises non-doped silicon, then the 



second protrusion comprises 



N-type ^licon; 



depositing silicon oxide, iri^singp process step, over the wafer surface 
arid both the first protrusion and the second protrusion, whereby a greater 
thickiness of silicon oxide is depositedyon the first protrusion than on the second 
protnision; arid, 

etching the silicon oxidexleposi ted on the substrate to remove silicon 
oxide from the surface of the substrate, whereby the silicon oxide layers 
remaining on the first arid second protrusions provides a layer of variable 
thickness around the first protrusion and the second protrusion. 
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1 1 N A semicondxictor processing method of formfaig spacers of variable/thickness, the 
iTietilod comprising the steps of: 



providing i silicon-comprising substrate having a supace comprising at 
least one first protrusion comprising either P-type silicon It non-doped silicon 
arid at least one second / 

(1 ) When the first protrusion comprised P-type silicon, then the 

second protrusion comprises either rioh-dojted silicon or N-type silicon; 

* j 
ahdj / 

• / 

(2) when the first protrusion comprises non-doped silicon, then the 

second protrusion comprises N-typ^*silicon; 

/ 
t 

7 

decomposing tetraethyforthosiliitate with ozone to selectively deposit 

/ ■ , 

silicon oxide over the silicon surface/^nd both the first protrusion and the second 

/ 

*.*..■.-/.. ....... 

ptotrusion, whereby a greater thickness of Silicon oxide is deposited on the first 

protrusion than on the second prttrusion; and^ 

7 
j 

etching the silicon o&ide deposited on the substrate to remove silicon 
oxide from the surface o^e substrate, whereby fee silicon oxide layers 
remaining on the first and second protrusions provides a layer of variable 
tbjclcriess aroun 
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12, A semiconductor processing method of forming facers of variable thickness, the 
method comprising the steps of: 



providing a silicoh-comprising siibptf ate having a surface comprising at 
least one first protrusidn comprising either P-type silicon or non-doped silicon 
arid at least one second protrusion^ provided that: 

(1) when the first protj4$iori comprises P-type silicon then the 

second protrusion comprise^ either non^oped silicon or N-type silicon; 

and, 



(2) when the firsyprotrusiori comprises non-doped silicon then the 
second protrusion comprises N-type silicon; 

contacting the w|&fl surface with ozone arid tetraethylorthosilicate 
whereby the first protnisipn arid the second protrusion are in intimate contact with 
the ozone and the tetraethylorthosilicate; 

decomposing/the tetiraethy lorthbsilicate with the ozone to selectively 
deposit silicon oxide over the wafer surface and both the; first protrusion and the 
second protrusion/ whefeby a greater thickness of silicon oxide is deposited on the 
first protrusion Aari on the second protrusion; arid, 



etchjng the silicon d?dde deposited on the substrate to remove silicon 
oxide fror0 the surface of iiic iuustratc, thereby the silicon o^ide layers 
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remaining oh the first alid second protrusioris provides a layer of variable 
thickness around the first protrusion and th^ second protrusion. 

^ 3. A senttcpnductbr processing methbd of forming spacers of variable thickness, the 
process Comprising the steps of: 



providing a silicon-comprising substraje having ai surface comprising at least one 
first protrusion comprising either P-type silicon or non-doped silicon and at least 
one second prbtruSiohy provided tha 



(1 ) when the first ytotrusion comprises P-type silicoh, then the 
second protrusion composes either non-doped silicon or N-type silicon; 
and, 

(2) when the ^st protrusion comprises non-doped silicon, then the 
second protrusion comprises N-type silicon; 




reacting ozone and the T^OSbt a temperature up to about 500° C iand a pressure 
of at least about 10 toij to iseiwtively deposit silicon oxide over the wafer surface 
iand both the first protrusion and the secbrid protrusion, whereby a greater 
thickness of silicbi; oxide is deposited oh the first protrusion than on the second 
protrusion; and, 



etching the Silpbh oxide deposited on the substrate to remove silicon oxide from 
the surface of the substrate, whCTcuy: the silicon oxide layers remaining on the 
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firist and second protrusions provider Ijlyer of Variable thickness around the first 
protrusion and the second protrusion. 



14. The method of Claim 1 3, whereip the inaction occurs at a temperature up to about 
400°C. 



1 5, The method of Claim 13, v^ierein the reaction occurs at a pressure of at least 
about 300 torr. 



16^ A semiconductor proc^sing method of forming wordlines with spacers of 
variable thickness, the process comprising the steps of: 



providing a^silicpn comprising substrate having a surface comprising at 
least one first wordline Comprising iP-type silicon and at least one second wordline 



compnsmg 
substrate; 



xiline do 

/ J 

;ing N-type silicon, 



the first and second wordlines being separated on the 



contacting the substrate with ozone arid tetraethylorthoisilicate whereby the 
first wordline and the second wordline are in intimate contact with the ozone and 
the tetraethylArthosilicite; 



readting the ozone arid the tetraethylorthosili cate to selectively deposit 
silicon uajuc over the substrate siirface both the first wordline and the second 
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wordline, Whereby a greater tliickhess of silicoii oxide is deposited the first 
wordline than oh the second wordline; and, 



X 7 



etfchinj»the silicon om^ 

oxide from the surface of the substrate; Whereby the silicon oxide layers 

remaining on the first arid second wordlines provides alayer of variable thickness 
■ / * 

^oiirid the first wordline Md the second wordline^/ 

7. A semiconductor processing method of forming Wor dlines with spacers of 



variable thickness, the process comprising the stepsof: 



providing a silicon-comf 



/ 



sing substrate having a surface comprising at 
/ 

least one first wordline comprisin ^Ktype silicon and at least one second wordline 
comprising N-type silicon: 



reacting ozone and tfetraethylorthosilicate at a temperature up to about 
500° C and a pressure offat least about 10 torr to selectively deposit silicon oxide 
Over tiie wafer surfac^arid both the first Wordline arid the second Wordline, 
whereby a greater tjtfcknesS of silicon oxide is deposited on the first Wordline than 
on the second wOTdline; and, 



etching the silicon oxide deposited on the substrate to remove silicon 
oxide froi^ 
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remaining on the first arid second Wordlmes provides a layer of variable thickness 
aroiirid the first wordline and the second wordline. . 

18. The method of Claim 1 1, wherein the reactibn occurs at a^emperature up to about 



400°C. 



/ 



1 9. the method of Claim 1 1 , wherein the reaction occurs at a pressure of at least 
about 300 torr. 



\^0. A semiconductor processing method of forming dual gaite structures with spacers 
of variable thickness, the process comprising tMe steps of: 



providing a silicon con$Jis|frig substrate having a surface comprising at 
least one first gate comprising P^ype silicon and at least one second gate 
comprising N-type silicon: 



contacting the Substrate with ozone and teti^e&yiorthdsilicate whereby the 



first gate and the second gate are in intimate contact with the ozorie and the 



tetraethylorthosilics 



reacting the ozone and the tetraethylorthosilicate to selectively deposit 
silicon oxide over the substrate surface and both the first gate and the second gate, 
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whereby a greater thickness of silicon oxide is deposited on the firstj^te than on 
the second gate; and, 

etching the silicon oxide deposited on the ^ stibstfate remove silicon 
oxide from the surface of the substrate, whereby the silicon oxide layers 
remaining on the first and second gates provides a layer of variable thickness 

. .. .. x / . , ' 

around the first gate and the second gate; : / 

A semiconductor processing method of forming dual gate structufes with facers 

. .. / ; . 

of variable thickness, the process comprising the steps of: 

/ 

f - - 

providing a silicon compniing / substrate having a surface comprising at 

\ i ..... 

least one first gate comprising P-typfe silicon and at least one second gate 

comprising N-type silicon: J 

./ 

/ 

reacting ozone and t^raethylorthosilicate at a temperature up to about 
500°C and a pressure of ^ least about 10 torr to selectively deposit silicon oxide 
over the wafer surface/4nd both the first gate arid the 6ecoiid gate, whereby a 
greater thickness of. Silicon oxide is deposited on the first gate than on the second 



gate; arid, 



/ 

/ 



etching the silicon oxide deposited on the substrate to remove silicon 
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remaining on the first and second gates provides a layer of variable^ydekness 
around the first gate and the second gate. 



22. The method of Claim 21, wherein the reaction occurs'at a temperature up to about 
4G0°C. ^ 



23. Th£ method of Claim 21, wherein the reaction occurs at a pressure of at least 
abbut 300 torr. 



24. A semiconductor memory device comprising: 



at least one first wordline comprising P-type silicon or polysilicoii and a 
first nonconductive silicon oxide layer; 

at least one second wordline comprising N-type silicon or polysiiicon and 
a second nonconductive silicon layer; and 

wherein the first layer is thicker than the second layer. 

25. The semiconductor memory device of Claim 25, wherein the first and second 
spacers are formed using tetraethylorthosilicate/ ozone deposition in a one step process: 



607926vl 



26 



Express Mail No. EL700460947US 



a 



MI0:i^)N 00-0499 (MTI-31079) 



26. The semiconductor memory device of Claim 25, wherein at least one of the first 
wordline or the second wordline form part of a DRAM array . 

27. The semiconductor memory device of Claim 25 \Vherein the DRAM array is part 
of a sy stem-on-chip. 

28. The semiconductor memory device of Claim 25, wherein at least one of the first 
wordline or the second wordline form part of an SRAM array. 

q 29. The semiconductor memory device of Claim 25 wherein the SRAM array is part 

tf\ of a system-on-chip. 

m 



^30. A multi-gate semiconductor device comprising: 

at least one first P-type gate surrounded by a first nonconductive silicon 
oxide layer; and 

at least one second N-type silicon gate suit ounded by a second 
nonconductive silicon oxide layer; 



wherein the first nonconductive spacer is thicker than the second nonconductive 



layer. 
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31. The multi-gate semiconductor device of Claim 30, wherein the device is part of a 
logic circuit. 

32. The multi-gate semiconductor device of Claim 30, wherein the logic circuit is part 
of a system-on-chip. 

33. A method for forming an oxid</ layer of varying thickness oh a silicon-comprising 
substrate, comprising the steps of: 

providing the silicon-comprteing substrate having a surface and comprising at 
least a first region and a second region of different type conductivities; and 

depositing silicon oxide opto the substrate in a single process step, to form an 
oxide layer over the first and secpiftl Conductivity regions; whereby the oxide layer 
overlying the second conductivity region is thicker than the oxide layer overlying the first 
conductivity region. 

34. The method of Clainl 33, wherein each of the first and second regions comprise a 
structure formed on the surface of the substrate, \vith a portion of the substrate 
intermediate the structures/ having the oxide layer deposited thereon; and 

the method further comprises the step of removing the oxide layer overlying the 

substrate between the first and second structures to expose the surface of the; substrate. 
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35. The method of Claim 34, wherein the first and second structures comprise a 
silicon-comprising layer of a P-type or N-type condudfivity, and an overlying salicide 
layer; 

whereby, when the silii^cpn^ising layer of the first structure comprises a 
P-type conductivity, the silicoi^do|mprising layer of the second structure comprises an 
N-type conductivity; and \ylfen the silicon-comprising layer of the first structure 
comprises an N-typ^Miductivity, the silicon-comprising layer of the second structure 
comprises a P-ty^e conductivity. 
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